Introduction {#S0001}
============

Despite an overall downward trend in infectious disease mortality in the USA, rates of hepatitis C virus (HCV) diagnosis are on the rise \[[1](#CIT0001)\]. The best estimates of HCV prevalence in the USA are based on data from the National Health and Nutrition Examination Survey (NHANES) that has been corrected for under-represented populations \[[2](#CIT0002)\]. Samples from this national, population-based survey have been tested for the presence of HCV antibodies, and RNA and provide a national estimate of HCV prevalence of approximately 1.4% \[[3](#CIT0003)--[5](#CIT0005)\]. Of concern, information from the 2001--2008 dataset show that 50% of individuals who are infected was not aware of their infection \[[3](#CIT0003)\].

Individuals born between 1940 and 1965 have the highest prevalence of HCV infection, and national recommendations specifically target this group for testing \[[6](#CIT0006),[7](#CIT0007)\]. Recent reports have found that the rate of new HCV infections in other age groups is on the rise, with an increase observed in women of reproductive age \[[8](#CIT0008)--[11](#CIT0011)\]. This is likely due, at least in part, to the recent opioid epidemic and the resulting increase in intravenous drug use (IDU) \[[12](#CIT0012)\]. This trend is specifically concerning as HCV can be transmitted at birth from mother to infant \[[13](#CIT0013),[14](#CIT0014)\]. For this reason, it is especially important to identify pregnant women who are infected with HCV, as both the mother and the infant require follow up.

Based on surveillance data from the Centers for Disease Control and Prevention, American Indian and Alaska Native populations (AI/AN) appear to be at increased risk of HCV infection \[[15](#CIT0015)\]. Indian Health Service, Tribal, and Urban Indian (IHS) facilities provide care to eligible AI/AN people who are members of 573 federally recognised Tribes. This system provides care for approximately 2.2 million (59%) of the nation's estimated 3.7 million eligible AI/AN people \[[16](#CIT0016)\]. The IHS system maintains a national database, the National Data Warehouse (NDW), where all diagnosis codes related to both inpatient and outpatient visits are recorded \[[17](#CIT0017)\].

The National Center for Health Statistics (NCHS) maintains a national database of birth certificates, recording greater than 99% of all births nationally \[[18](#CIT0018)\]. The 2003 revised birth certificate form includes questions regarding the mother's HCV infection status. A recent publication using this database to evaluate the trend in HCV infection across the country, with a special focus on Tennessee, found that the proportion of women with recognised HCV infection increased nationwide 89% between 2009 and 2014 \[[10](#CIT0010)\]. This analysis evaluated the trend for white, black and Hispanic individuals in Tennessee, but did not evaluate the trend in AI/AN people.

Given the possible increased risk of HCV infection in AI/AN people and the recent increases in HCV in women of reproductive age, the current study evaluated trends in both HCV testing frequency and the number of reported cases of HCV infection in AI/AN women who gave birth or were pregnant between 2003 and 2015 using two different databases. In addition, multiple demographic factors and co-morbid conditions were evaluated to identify factors that are associated with an increased risk of HCV infection in this population.

Methods {#S0002}
=======

National centre for health statistic's birth certificate database {#S0002-S2001}
-----------------------------------------------------------------

State laws require birth certificates to be completed at the birth facility for all births, and NCHS collects and publishes information regarding all births as required by Federal law. Analysis was performed evaluating the proportion of maternal HCV positivity in AI/AN and non-AI/AN women nationwide from 2011 to 2015. A woman was considered AI/AN based on bridged race. Data regarding hepatitis C, hepatitis B, syphilis, chlamydia, gonorrhoea, maternal age, education, cigarette use, and prenatal care were collected. Individuals whose birth certificate was missing infection data were excluded. As some states did not take up the use of the birth certificate form that included HCV infection until recently, the analysis for the country as a whole was performed only using those states that continuously reported throughout the study period (Supplemental table 1).

The five infectious diseases listed above are recorded in the NCHS birth certificate database. The response options include "Yes" for each individual disease, and "none of the above" for the entire category. Information in the database recorded as "No" or "Unknown or not stated" with regard to a specific infection were considered indicative of a lack of confirmed maternal infection and combined for analysis. Data for prenatal care was dichotomised into late to prenatal care (3^rd^ trimester, "No Prenatal Care", and "Unknown or not stated") and earlier initiation of care (1^st^ and 2^nd^ trimester) based on the month prenatal care began. Maternal education was dichotomised into those women who completed high school and those who did not. Maternal smoking was categorised as smoker and non-smoker based on current smoking status. Maternal age was categorised as 10--19, 20--29, 30--39, and over 40 years. Parity was divided into two categories; four or fewer versus five or more previous term pregnancies based on the standard definition of grand multiparity.

Sub-analysis was performed to evaluate the average proportion of maternal HCV positivity in from two states with a high number of AI/AN resident, Alaska and Arizona, starting the year they reported data (2013 and 2014, respectively). No trends were reported for these two states due to the limited number of cases and years of data.

IHS national data warehouse (NDW) {#S0002-S2002}
---------------------------------

The NDW database includes diagnosis codes and basic demographics from all inpatient and outpatient visits to IHS facilities between 2001 and 2014. The first year of analysis was 2003, as two years of data prior to pregnancy were needed for analysis. 2007 was evaluated as an intermediate year and 2011--2014 were analysed as they matched with the years available in the NCHS birth certificate database. A woman was considered pregnant in the NDW database if she had two International Classification of Diseases, 9^th^ Revision, Clinical Modification (ICD) codes related to pregnancy (supplemental table 2) within a calendar year of interest and 8 months prior \[[18](#CIT0018)\]. If a woman had multiple pregnancy codes in two consecutive years, this woman was excluded from the earlier year's pregnancy cohort and counted in the later year's cohort. This was done to avoid double counting women whose pregnancy spanned two calendar years.

Within the NDW database, a woman was considered HCV positive if she had two ICD codes related to HCV (supplemental [Table 2](#T0002)) in the year of or the two years preceding pregnancy. A woman was considered to have a new diagnosis of HCV related to prenatal HCV testing if she had an ICD code for HCV during her pregnancy period but did not have an ICD code for HCV in the previous two years. A woman was considered to have a history of injection drug use (IDU) if she had any of the ICD codes for IDU (supplementary table 2) during pregnancy or in the previous two years.10.1080/22423982.2019.1608139-T0001Table 1.Reported hepatitis C in pregnant women or women who recently delivered from the NCHS birth certificate database\* and the IHS national data warehouse, 2011--2015.YearNCHS\
Birth Certificate DataIHS\
National Data WarehouseNon-Native WomenAmerican Indian/Alaska Native WomenAmerican Indian/Alaska Native WomenPopulation\*Documented Hepatitis C (%)Population\*Documented Hepatitis C (%)PopulationDocumented Hepatitic C (%)New HCV infection during pregnancy^\$^20113,233,7266,706 (0.21%)34,208194\
(0.57%)22,817127\
(0.56%)84\
(66%)20123,237,1977,937 (0.25%)34,028218\
(0.64%)22,495144\
(0.64%)83\
(58%)20133,221,0609,185 (0.29%)34,291276\
(0.80%)23,038172\
(0.75%)97\
(56%)20143,272,45510,502 (0.32%)33,599357\
(1.06%)23,374216\
(0.92%)128\
(59%)20153,266,25711,660 (0.36%)33,343398\
(1.19%)NANANA[^2][^3]10.1080/22423982.2019.1608139-T0002Table 2.Injection drug use (IDU) and documentation of hepatitis C among pregnant American Indian/Alaska Native (AI/AN) women; IHS national data warehouse, 2003, 2007, 2011--2014.YearPregnant AI/AN womenNumber with documented hepatitis C (%)Number Of Pregnant Women with IDU (%)Number of IDU with documented HCV infection (%)200322,65986 (0.38%)403 (1.8%)27 (6.7%)200729,432146 (0.49%)979 (3.3%)40 (4.1%)201122,817127 (0.56%)719 (3.2%)41 (5.7%)201222,495144 (0.64%)801 (3.6%)54 (6.7%)201323,038172 (0.75%)820 (3.6%)66 (8.0%)201423,374216 (0.92%)1000 (4.3%)91 (9.1%)[^4]

Statistical analysis was performed using SAS software v. 9 · 4 (SAS Institute Inc., USA). The rate of change over the study period was compared between AI/AN and non-AI/AN in the NCHS dataset using generalised linear regression. Univariate comparisons were made by use of the likelihood ratio chi-square test or the Cochran Armitage test of trend. Variables with a univariate p-value \< 0.25 were considered in the multivariable logistic regression models \[[19](#CIT0019)\]. All variables were entered into the model and a backwards elimination with re-entry was used to select the final statistical model. Variables were considered confounders and remained in the model if their exclusion changed the value of the coefficient(s) of interest by \>15%. A p-value \< 0.05 was considered statistically significant.

Results {#S0003}
=======

In 2011 3,391,659 birth certificates were available in the NCHS database for analysis, increasing to 3,978,497 in 2015. When limited to only those 38 regions that reported consistently throughout the time period the numbers decreased to 3,233,726 in 2011 to 3,266,257 in 2015 ([Table 1](#T0001)). Limiting to the consistently reporting states resulted in an elimination of 10.0% of non-AI/AN mothers and 15.2% of AI/AN mothers from the overall time period. The larger loss of AI/AN records was due to the elimination of Alaska and Arizona, states with high AI/AN populations that did not start recording hepatitis C infection until after 2011. Records lacking information regarding the presence of maternal infections accounted for less than 0.64% of individuals in any given year. Within this dataset, 34,208 (2011) and 33,343 (2015) were from women who identified as AI/AN. The percentage of women who were known to have HCV infection increased from 2011 to 2015 in both the AI/AN population (0.57% to 1.19%, p \< 0.001) and the non-AI/AN population (0.21% to 0.36%, p \< 0.001, [Table 1](#T0001)). The rate of change was significantly different for the two populations with the AI/AN population experiencing an increase of 0.12% per year and the non-AI/AN population a 0.03% per year on average (p \< 0.0001, [Figure 1](#F0001)).10.1080/22423982.2019.1608139-F0001Figure 1.Percent of pregnant women with hepatitis C.

The sub-analysis from Alaska found that 0.71% of the AI/AN women and 0.60% of the non-AI/AN women reported HCV infection when averaged over 2013 to 2015. For Arizona, 0.25% of the AI/AN women and 0.19% of the non-AI/AN women reported HCV infection when averaged over 2014 to 2015.

When a similar time period was analysed using the NDW database the percentage of pregnant women who had an ICD code for HCV increased from 0.56% in 2011 to 0.92% in 2014 (p \< 0.0001, [Table 1](#T0001), [Figure 1](#F0001)). Between 56% and 66% of women had the first appearance of an HCV ICD code during their pregnancy window suggesting that it was first diagnosed during this time period. NDW data showed an increase in documented hepatitis C over the long term, with 0.38% of pregnant women with documented hepatitis C in 2003, increasing to 0.49% in 2007 (p = 0.048) and 0.92% in 2014 (p \< 0.0001; [Table 2](#T0002), [Figure 1](#F0001)).

Multivariable analysis with the birth certificate data showed documented hepatitis C was correlated with all the other recorded infections, including chlamydia (OR 1.5, CI: 1.3--1.9), gonorrhoea (OR 2.0, CI: 1.3--3.2), hepatitis B (OR 16.4 CI: 10.7--25.0) and syphilis (OR 2.7, CI: 1.1--6.2) ([Table 3](#T0003)). The odds of having documented hepatitis C were increased in women without a high school diploma by 1.5 times (CI 1.3--1.7), who smoked during pregnancy by 6.5 times (CI:5.7--7.4), who had five or more children by 1.8 times (CI:1.6--2.1), and who presented late for prenatal care by 2.5 times (CI:2.1--2.8) ([Table 3](#T0003)). Within the NDW dataset, documented IDU increased the odds of women having documented hepatitis C by 17.6 (95% CI: 15.0--20.7). Of the 659 women with documented hepatitis C in NDW between 2011 and 2014, 407 (61.8%) did not have any IDU documented in the previous three years.10.1080/22423982.2019.1608139-T0003Table 3.Odds\* of hepatitis C associated with other infections or demographic factors among American Indian/Alaska Native (AI/AN) women in the NCHS birth certificate database^+^, 2011--2015.Infection (total)No Hepatitis CDocumented Hepatitis CMulti-variable Odds ratio\*95% Confidence intervalChlamydia (8088)  Chlamydia (+)7,9751131.51.3--1.9  Chlamydia (-)189,1021,591\--Gonorrhea (944)  Gonorrhea (+)920242.01.3--3.2  Gonorrhea (-)196,1571,680\--Hepatitis B (198)  Hepatitis B (+)1722616.410.7--25.0  Hepatitis B (-)196,9051,678\--Syphilis (163)  Syphilis (+)15672.71.1--6.2  Syphilis (-)196,9211,697\--High school diploma  No High School Diploma (-)48,4036661.451.27--1.67  High School Diploma (+)146,3281,010\--Tobacco  Curent user (+)32,0419906.525.71--7.44  Not Current user (-)159,477634\--Prenatal Care  Late Prenatal Care20,0453582.542.14--2.82  Early Prenatal Care119,773655\--Number of children  5 or more children53,3011,0291.811.59--2.06  4 or less children142,700665\--[^5][^6]

In the long-term analysis using the NDW database, the number of women with documented IDU in the two years leading up to pregnancy increased from 1.8% in 2003 to 4.3% in 2014 (p \< 0.0001; [Table 2](#T0002)). Within this group of women, the number with documented HCV infection increased from 6.7% in 2003 to 9.1% in 2014 (p \< 0.001).

Discussion {#S0004}
==========

This analysis used two different databases to estimate the prevalence of documented hepatitis C in women who were pregnant or gave birth. Data from the NCHS birth certificate database show that the prevalence of documented hepatitis C in pregnant AI/AN women increased from 0.57% to 1.19%. This prevalence was higher in the AI/AN population compared to the non-AI/AN population and demonstrated a significantly more rapid increase over the time period studied. In the NDW dataset, an ICD code for hepatitis C first appeared in the majority of women's records during their pregnancy window, suggesting these women were diagnosed secondary to prenatal testing. The percent of women with ICD codes documenting IDU was found to increase significantly between 2003 and 2014, from 2% to 4%. Documented hepatitis C prevalence was most strongly associated with hepatitis B and tobacco use, but also associated with chlamydia, gonorrhoea and late presentation to prenatal care. In addition, the percent of women with a history of IDU with documented hepatitis C increased significantly from 6.7% in 2003 to 9.1% in 2014.

These results show a concerning trend in the AI/AN community. In 2015, AI/AN mothers were three times more likely than non-AI/AN mothers to have hepatitis C documented on their child's birth certificate. This disparity was apparent in 2011, the beginning of the investigation period, and increased significantly by the end of the investigation period, 2015. During a similar time period, a significant increase in the number of pregnant AI/AN women who had documented IDU increased from 1.8% in 2003 to 4.3% in 2014. The Substance Abuse and Mental Health Services Administration (SAMHSA) documents that 3.3% of the total US population over 18 years of age report illicit drug use other than marijuana in 2013--14 \[[20](#CIT0020)\]. It is difficult to compare the numbers reported by SAMHSA to those collected from medical record ICD codes, but it is concerning that the number found in this study is higher than the national estimate.

While the presence of IDU was found to be significantly related to HCV in the NDW dataset, it is important to recognise that 62% of women with documented hepatitis C did not have IDU documented in their IHS administrative record in the previous 3 years. Current national guidelines recommend testing only individuals who have risk factors for HCV infection. It is likely this study underestimated the relationship between IDU and hepatitis C. It is possible someone used injection drugs in the past and was infected with HCV at that time, but has since recovered from IDU. Given the limited time frame used to evaluate for IDU ICD codes, these cases would be considered to have had hepatitis C but IDU negative in the analysis. In addition, the relationship between documented IDU and HCV infection is likely underestimated due to inaccurate reporting by patients to physicians \[[21](#CIT0021)\].

There are a number of limitations to this study. With regard to the NDW data, ICD codes were used to identify individuals who were pregnant, who had a history of IDU, and who were diagnosed with hepatitis C. ICD codes are intended to be used for billing purposes, not as medical records. In addition, it is not possible to know if a person with an ICD code for hepatitis C has an active infection or only exposure. As such, this data must be considered estimates instead of precise numbers. Reassuringly, the NDW and NCHS birth certificate databases provided very similar estimates regarding the proportion of AI/AN women who had documented hepatitis C and showed similar trends over time. A second limitation regarding the NDW database is that this data only represents a subpopulation of the AI/AN population, as 59% of AI/AN individuals receive care outside the IHS system \[[22](#CIT0022)\]. The population that receives care within IHS is skewed toward individuals living in the rural area \[[23](#CIT0023)\]. However, as above, the similarity in numbers between the data from the NDW and NCHS birth certificate databases is reassuring and indicates the NDW database provides a good estimation of the prevalence of known HCV infection in the AI/AN population. A third limitation is the restricted time frame that was included in the analysis. ICD codes related to hepatitis C and IDU were evaluated in the year of pregnancy and the preceding two years. A sub-analysis was performed extending the evaluation time to five years. Five additional cases were found using the expanded analysis time, resulting in a 0.02% increase in the estimated percent with hepatitis C. Therefore, while this report is likely to under-identify individuals exposed and at risk, it is only by a small fraction. A third limitation is that 20 out of 56 states and territories did not consistently report hepatitis C on their birth certificates during the analysis period and were excluded from the analysis. Sub-analysis was performed to evaluate the average percent of women who were known to have HCV in Alaska and Arizona, as these states have large AI/AN populations. It was not possible to evaluate trends or significance in these two states due to the limited number of cases and years, but the numbers reported in these states are similar to those in the larger analysis.

A final limitation is that this analysis evaluated the number of women with known hepatitis C; however, it was not possible to determine the number of women tested. Current Procedural Terminology (CPT) codes are available for hepatitis C testing, however, an in-depth analysis of the CPT database maintained by IHS found that these CPT codes were not consistently reported from all facilities. For this reason, it was only possible to evaluate the number of women known to have hepatitis C, not calculate the prevalence of the disease. In 2013 NCHS added a question regarding the history of hepatitis C testing to their National Health Interview Survey (NHIS). Between 2013 and 2015, 12.4% of non-AI/AN and 16.9% of AI/AN women of reproductive age reported a history of testing (data not shown). Given unknown testing rates, it is impossible to calculate an accurate prevalence for hepatitis C, but given the lack of high rates of testing, it is likely the numbers reported here are a low estimate.

During the investigation period the percentage of women who were known to have hepatitis C increased in both the AI/AN and the non-AI/AN population, with the AI/AN population experiencing an increase of 0.12% per year and the non-AI/AN population a 0.03% per year increase on average. It is likely that part of this observed increase in hepatitis C is a result of increased testing practices. According to the NHIS, the proportion of non-AN/AN women of reproductive age reporting ever having been tested increased by 12% between 2013 and 2016 (data not shown). In contrast, the proportion of AI/AN women of reproductive age reporting ever having been tested fluctuated between 2013 and 2016 between 13% and 24% with no overall trend (data not shown). A more general study in a large insured population found a 2.5-fold increase in the percentage of antibody tests performed between 2005 and 2014 \[[24](#CIT0024)\]. It is not possible to conclude how much of the increase observed here is due to increased testing versus an increase in the fraction of women with new HCV infection.

Two interesting risk factors for hepatitis C were found in this analysis. The first of which is a very strong association with hepatitis B. The increased odds of hepatitis C were similar for those with IDU (17.6) and hepatitis B (16.4) compared to those without those factors. Not many individuals had documented hepatitis B; however, they would be an easy population to target for HCV testing. A second risk factor of interest was the late presentation to prenatal care. Women who did not receive prenatal care or who did not present for prenatal care until the 3^rd^ trimester had 2.5 times the odds of having hepatitis C compared to those who presented earlier. This observation could be useful to clinicians when they are trying to identify women who should be questioned about risk factors and tested.

Hepatitis C is known to be a transmitted mother to child around the time of delivery, but no prophylaxis is available to prevent it. Transmission rates vary based on a number of factors, but overall estimates suggest approximately 4% to 7% of infants born to HCV-positive mothers become infected \[[25](#CIT0025)\]. Applying a 6% estimate to our population, we would expect over 70 AI/AN and 2,200 non-AI/AN infants born between 2011 and 2015 to be infected with HCV. One study evaluated the frequency of positive HCV tests in pregnant women, comparing it to the number of reported HCV-infected infants and found that there were significantly fewer reported cases of infant infection than expected \[[8](#CIT0008)\]. This indicates either an under-reporting of infant HCV infection or a lack of recognition of the infants at risk. Two recent reports support the second option, as these studies found that less than half of infants born to HCV-positive mothers were appropriately followed \[[26](#CIT0026),[27](#CIT0027)\]. This lack of infant testing and follow up are concerning as it suggests many HCV infected children are going unrecognised and unmonitored.

This report highlights the disparity in documented hepatitis C between AI/AN and non-AI/AN pregnant women. Not only did pregnant AI/AN women have a higher percent of documented HCV cases than non-AI/AN women, but they also had a more rapid increase in known cases over time. IDU is the most significant risk factor for HCV infection; however, a majority of women who had documented HCV exposure did not have recent documentation of IDU. Further investigation needs to be performed to understand testing practices, risk populations and create a more accurate prevalence estimate in order to best provide resources for treatment and prevention in AI/AN individuals.
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###### Supplemental Material

[^1]: The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention or the Indian Health Service.

[^2]: \*Data from 38 regions that consistently reported from 2011 to 2015 ^\$^ A new HCV diagnosis during pregnancy was defined as those individuals who had an hepatitis C diagnosis code within the pregnancy window but did not have a hepatitis C diagnosis code in the two years prior.

[^3]: NCHS = National Center for Health Statistics; IHS = Indian Health Services

[^4]: IHS = Indian Health Services; IDU = injection drug use

[^5]: \*Multivariate analysis for odds ratios were performed as two groups; one considered all infections and one considered all demographic factors. ^+^ From the 38 consistently reporting regions.

[^6]: NCHS = National Center for Health Statistics
